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Data processing circuit with a cache memory and apparatus containing such a circuit 



The invention relates to a data processing circuit with a cache memory. 

Data processing circuits use cache memories to bridge the gap in speed 
between main memory and a processor circuit that executes program instructions. The cache 
memory contains copies of the data stored in main memory at memory addresses that are 
expected to be accessed by the processor circuit, for example because those addresses have 
been recently accessed by the processor circuit. The cache memory is able to deliver this data 
faster than the main memory. 

It is known to arrange a data processing circuit so that it can switch between 
operating in a cache mode and a cache bypass mode. In the cache mode the cache memory is 
used to deliver data to the processing circuit if the processor circuit addresses a main memory 
location and data for that main memory location is available in the cache memory. In the 
cache bypass mode the data is always delivered from main memory. This is necessary for 
example if the data in main memory can change autonomously. When the knovm processor 
circuit needs to bypass the cache memory, its program contains an instruction that, when 
executed, switches the data processing circuit to the cache bypass mode. At a point in the 
program where it is no longer necessary to bypass the cache memory, the program contains 
an instruction that, when executed switches the data processing circuit from the cache bypass 
mode to the cache mode. As a result the cache memory can temporarily be bypassed during 
program execution. 

It is an object of the invention to reduce the electric power consumed by data 
processing circuits, especially for data processing circuits that are used in battery powered 
equipment. 

The data processing circuit according to the invention is set forth in Claim 1 . 
According to the invention power supply to the cache memory is cut-off when the data 
processing circuit operates in the cache bypass mode. Thus, power is saved. Alternatively, 
one could stop supply of clock signals to the cache memory. However, it has been found that 
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for integrated circuits with sub-micron feature size this still leaves a significant power 
consumption due to subthreshold leakage currents. 



when to use the cache mode and when to use the cache bypass mode during program 
execution. In the cache mode the processing circuit executes programs faster because it uses 
the cache memory if possible, but the processing circuit consumes more power. In the cache 
bypass mode, the processing circuit is slower, but it consumes less power, because the cache 
memory does not consume power. Preferably, one identifies first portions of the program of 
the processing circuit that need to operate in the cache mode in order to meet real time 
constraints and second portions that need not operate in the cache mode. Between the first 
and second portions of the program one inserts instructions to switch between the cache 
mode and the cache bypass mode and back, as appropriate. This is independent of whether 
the second portions would operate correctly or incorrectly using cache memory. Typically, 
the second portions would operate correctly when using the cache memory, albeit that they 
use more power in that way. 

These and other advantageous aspects of the invention will be described in 
more detail using the following figure 

Figure 1 shows a circuit diagram of a data processing circuit 



memory 12, a cache interface circuit 14, a power supply switch 16 and a main memory 
interface 18. The data processing circuit has power supply connections VDD and VSS 
coupled to processor circuit 10, and cache interface circuit 14. Cache memory 12 is coupled 
to VDD via power supply switch 16. Processor circuit 10 has a data/address connection and a 
control output coupled to cache interface circuit 14. Cache interface circuit 14 has a 
data/address connection to cache memory 12, a data/address connection to main memory 
interface 18 and a control output coupled to a control input of power supply switch 16. The 
data processing circuit of figure 1 is typically incorporated in a single integrated circuit. 
When the data processing circuit of figure 1 is incorporated in an apparatus, main memory 
interface 1 8 is connected to a main memory (not shown) in an external integrated circuit. 
Alternatively, the main memory may also be part of the same integrated circuit as the circuit 
of figure 1 . 



When a program is written for the processing circuit the designer decides 



The data processing circuit of figure 1 contains a processor circuit 10, a cache 
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In operation processor circuit 10 executes successive instructions from a 
program. In a cache mode, the power supply switch 16 is conductive. As a result of the 
execution of an instruction processor circuit 10 issues an address to cache interface circuit 14, 
for example for reading data corresponding to that address. In response, cache interface 
circuit 14 checks whether data for that address is available in cache memory 12. This is done 
using conventional cache memory techniques. If data for the address is available in cache 
memory 12, cache interface circuit 14 supplies that data to processor circuit 10 in response to 
the address. If no data is available for the address, cache interface circuit 14 obtains data from 
main memory addressed by the address. This data is then supplied to the processor circuit 10 
as a response to the address and the data is stored in cache memory 12, in association with 
the address, for later use in response to a later reading instruction from processor circuit 10. 
The cache memory may be used either for reading both data that represents program 
instructions and data that represents operand data of instructions or only for program 
instructions or only for operand data. 

The processing circuit of figure 1 can also operate in a cache bypass mode. In 
this mode, cache interface circuit 14 makes power supply switch 16 non-conductive. (Power 
supply switch 16 contains for example a PMOS transistor (not shown) with a main current 
channel that couples the power supply connection VDD with a power supply input of cache 
memory 12. The gate of the PMOS transistor may be used as control input. But of course 
other implementations of this switch are also possible). Thus, it is ensured that at least the 
memory cells of cache memory 14 do not receive a power supply voltage and hence do not 
draw subthreshold leakage current. 

In the cache bypass mode cache interface circuit 14 services all memory 
reading operations from the processor circuit 10 via main memory interface 18. Cache 
interface circuit 14 does not read data from cache memory 14 in this mode, nor does it write 
data. (For reasons of simplicity read and write addresses may be supplied to cache memory 
12 nevertheless, but without resuhing in a read or write because the power to the cache 
memory 12 has been switched off. 

Cache interface circuit 14 receives signals from processor circuit 10 to control 
switching between the cache mode and the cache bypass mode. When the processor circuit 
10 executes an instruction to switch to the cache bypass mode, the processor circuit 10 issues 
a control signal to cache interface circuit 14 to switch to the cache bypass mode. Similarly, 
when processor circuit 10 executes an instruction to switch to the cache mode, the processor 
circuit 10 issues a signal to cache interface circuit 14 to switch to the cache mode. When the 
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cache interface circuit 14 switches from the cache bypass mode to the cache mode it 
initializes the cache memory 12 so that no associations between main memory addresses and 
data are present. It is not essential that the instructions for switching between the cache mode 
and the cache bypass mode are executed by the processor circuit 10. When instructions from 
5 the program in general pass through the cache interface circuit 14 to processor circuit 10, 
cache interface 14 may intercept instructions for switching between the cache mode and the 
cache bypass mode and execute these instructions without an explicit signal from processor 
circuit 10. 

The circuit of figure 1 allows a reduction in power consumption during 
10 execution of programs. Those portions of the program that are able to meet real time 

constraints, if any, without use of the cache memory are preferably executed in the cache 
bypass mode. The portions of the program that are able to meet the real time constraints only 
by using the cache are executed in cache mode. 

As a result, an apparatus that contains the circuit of figure 1 and a main 
1 5 memory also contains a program with instructions that include switching instructions for 
switching instructions for switching between the cache mode and the cache bypass mode. 
The portions or portions of the program that would not execute with sufficient speed to meet 
the speed required by the apparatus, if executed without using the cache, are placed between 
mode switching instructions that ensure execution of that portion or those portions in the 
20 cache mode. Another portion, or other portions, of the program are placed between 

instructions that ensure execution of that other portion, or those other portions, in the cache 
bypass mode. 

Switching instructions for switching between these modes may be inserted 
manually in the program. Alternatively, one may use an automatic program generating 

25 program, which uses a subdivision of the program into blocks, each block corresponding to a 
subroutine for example. The generating program is provided with a maximum execution 
duration value for time critical blocks. The generating program computes the time required to 
execute the block if the cache memory is not used. If the computed time exceeds the 
maximum execution duration, instructions are placed around the block to ensure its execution 

30 in the cache mode. If not, instructions are placed to cause execution in the cache bypass 
mode. 



